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Preface 


The  annular  diffuser  research  project  was  sponsored 
by  the  Aero  Propulsion  Laboratory,  AFWAL/POTC,  with  Mr.  Dale 
Hudson,  the  Laboratory  coordinator.  The  research  was  an 
integral  part  of  a  six-year  program  to  advance  aerodynamic 
modeling  for  gas  turbine  combustion  systems.  The  combustion 
system  includes  the  diffuser  and  the  combustor  area.  The 
investigation  objective  is  to  provide  vital  experimental 
data  to  aid  in  the  design  of  annular  diffusers  typical  of  the 
combustor  inlet  diffusing  section.  Optimum  design  of  the 
diffuser  flow  field  is  of  utmost  importance  because  total 
pressure  losses  occurring  in  the  diffuser  contribute  directly 
to  poor  overall  performance  and  reduced  overall  engine  fuel 
efficiency.  The  data  collected  in  the  form  of  detailed  aero¬ 
dynamic  parameters  will  be  used  to  validate  and  expand  the 
state  of  the  art  of  advanced,  analytical,  three-dimensional, 
viscous  flow  models.  The  volume  of  specific  data  needed  by 
these  models  to  define  boundary  conditions  and  verify  pre¬ 
dicted  phenomena  far  exceeds  the  details  required  in  previous 
experimental  practice.  The  development  of  a  gas  turbine  com¬ 
bustion  system  (including  its  annular  diffuser)  requires  five 
years  of  concentrated  effort  utilizing  current  computational 
capability.  Advanced  modeling,  developed  from  and  validated 
by  extensive  detailed  aerodynamic  data,  has  proven  the  poten¬ 
tial  of  reducing  these  costs  in  time  by  two  thirds. 

This  full  potential  can  only  be  achieved  if  a  new 
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generation  of  diffuser  aerodynamic  data  can  be  created  to 
support  continued  economical  model  development.  The  present 
annular  diffuser  investigation  constitutes  a  beginning  and 
will  provide  the  specific  data  required  by  the  program  to 
advance  gas  turbine  combustion  system  modeling. 

Thanks  are  due  to  Dr,  Harold  Wright ,  my  advisor,  for 
his  encouragement,  understanding,  guidance,  and  support.  Dr. 
William  Elrod  and  Dr.  Milton  Franke  provided  valuable  sugges¬ 
tions  as  thesis  committee  members,  Mr  Dale  Hudson,  as  the 
sponsor  of  this  project  provided  financial  aid  and  technical 
knowledge  indispensable  for  completing  this  study.  The 
extremely  difficult  task  of  fabricating  an  annular  diffuser 
of  a  novel,  very  complex  design  was  ably  accomplished  by  Mr 
Frank  Noll,  a  craftsman  with  the  4950th  Test  Wing  Fabrication 
and  Modification  Shop.  My  sincere  appreciation  goes  to  Mr 
Carl  Short,  Mr  John  Brohas ,  Mr  J .  G.  Tiffany,  and  Mr  Ron 
Ruley  of  the  AFIT  Model  Fabrication  Division  whom  I  continu¬ 
ally  plagued  with  sketchy  drawings  and  ideas  and  who  always 
came  through  with  a  finished  product  better  than  the  original 
description.  The  Air  Force  Institute  of  Technology  must  also 
be  recognized  for  providing  laboratory  facilities  to  carry  out 
this  work.  Thanks  are  also  due  to  Mr  Gregg  Tibbs  who  sacri¬ 
ficed  his  spare  time  for  assisting  in  the  design  of  the  needed 
computer  interface,  and  to  Mr  Leroy  Cannon  who  constructed 
the  interface  and,  with  Mr  Bill  Baker,  offered  technician 
assistance  in  other  areas.  Last,  but  not  least,  my  fiancee. 
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Hiss  Janet  Arildsen ,  deserves  my  deepest  gratitude  for  her 
love,  support,  and  understanding  throughout  these  challeng 
ing  18  months . 


John  V.  Kelley,  Jr, 
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Abstract 

Aerodynamic  parametric  data  of  annular  diffuser  flow 
fields  for  gas  turbine  engines  are  not  available  in  sufficient 
detail.  They  are  badly  needed  for  future  high  efficiency 
engine  design, 

A  subsonic,  axisymmetric ,  annular  diffuser  model  was 
designed  for  the  purpose  of  making  such  highly  detailed  infor¬ 
mation  available.  The  objective  of  the  design  was  to  approxi¬ 
mate  an  actual  gas  turbine  engine  diffuser.  The  diffuser  was 
built  according  to  these  design  specifications. 

^  The  instrumentation  required  to  gather  the  necessary 

pressure,  velocity,  and  turbulence  parameters  consisted  of 
three  pitot  tube  systems ,  a  hot  wire  anemometer  system  and  a 
laser  doppler  velocimeter  (LDV)  system  using  frequency  count¬ 
ing.  These  three  instrumentation  systems  were  integrated 
into  the  diffuser  to  obtain  data  at  each  of  three  points 
along  the  longitudinal  axis.  At  each  point  there  were  five 
stations  around  the  annulus  that  were  instrumented.  A  longi¬ 
tudinal  traversing  structure  utilizing  motorized  traversers 
for  radial  positioning  and  the  capability  to  integrate  abso¬ 
lute  encoders  was  used  to  access  the  flow  area. 

The  three  instrumentation  systems  have  the  capa¬ 
bility  to  be  integrated  into  a  Hewlett  Packard  9845/B 
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computer-controller  for  data  acquisition  and  processing,  The 
experimental  apparatus,  data  acquisition  and  processing,  and 
flow  traversing  were  integrated  and  functional,  as  demonstrated 
by  the  preliminary  data. 


I  Introduction 


The  flow  for  the  case  of  an  adverse  pressure  gradi¬ 
ent,  i.e.,  flow  through  a  diffuser,  has  been  of  major  inter¬ 
est  to  aerodynamic  researchers  for  a  considerable  time.  The 
diffuser  is  a  very  old  but  extremely  useful  device.  It  pro¬ 
vides  a  means  of  reducing  the  velocity  of  a  fluid  stream 
while  increasing  its  static  pressure.  The  diffuser  has 
resisted  analysis  even  of  the  most  modern  nature.  It  has  a 
very  simple  geometry  and  yet  a  large  number  of  fundamental 
questions  remain  unsolved.  Maximizing  pressure  recovery  or 
efficiencies,  defining  confined  swirling  flows,  swirl  induced 
effects  and  multiple  scale  turbulence  are  just  a  few.  There¬ 
fore,  researchers  must  mainly  rely  on  experimental  methods  to 
achieve  some  understanding  of  diffuser  behavior  and  optimiz¬ 
ing  procedures . 

Some  of  the  earliest  research  in  the  field  of  flow 
with  an  adverse  pressure  gradient  was  done  by  Gibson  and 
Eiffel  (Ref  37)  during  the  early  part  of  the  twentieth  cen¬ 
tury.  Since  then,  much  work  has  been  done  on  plane  and  conical 
diffusers.  Kline  was  a  leading  researcher  and  many  design 
groups  still  use  his  data  (1959)  in  designing  modern  day  dif¬ 
fusers.  In  more  recent  times,  researchers  had  concentrated 
their  investigations  on  plane  and  conical  diffusers.  Three- 
dimensional  annular  diffusers  are  only  now  receiving  the 
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attention  that  is  required.  The  relatively  sparse  amount  of 
research  work  heretofore  carried  out  on  annular  diffusers  was 
compiled  mainly  by  Cockrell  (Ref  7)  and  Sovran  and  Klomp  (Ref 
8). 


Interest  in  annular  diffusers  has  greatly  increased 
in  recent  years  because  of  their  application  to  turbomachinery. 
"There  is  considerable  need  in  model  development  and  design 
for  reliable  test  data  on  the  efficiency,  stalling,  and 
instability  characteristics  of  annular  diffusers"  (Ref  20) . 

Most  investigations  have  been  conducted  under  conditions  where 
the  inlet  flow  is  fully  developed  and  free  from  swirl.  How¬ 
ever,  in  many  applications,  the  inlet  flow  to  an  annular  dif¬ 
fuser  is  accompanied  by  swirling  motion;  such  is  the  flow  of 
interest  in  this  investigation.  The  effect  of  swirl  on  annu¬ 
lar  diffusers  has  been  primarily  researched  by  Schwartz  (Ref 
9)  and  Srinath  (Ref  10) . 

The  objectives  of  this  investigation  are  threefold. 
First,  an  annular  diffuser  is  to  be  designed  and  built  to 
model  the  annular  diffuser  arranged  between  the  compressor 
exit  and  the  combustor  inlet  in  a  gas  turbine  engine.  The 
flow  through  the  annular  diffuser  is  to  be  subsonic  and 
exhausting  to  ambient  pressure  and  temperature.  The  annular 
diffuser  model  is  to  be  equipped  with  a  set  of  inlet  guide 
vanes  (IGV's)  to  produce  up  to  ten  deg  of  swirl  and  a  removable 


center  section  to  change  the  area  ratio  of  the  diffusing 
section.  The  preliminary  testing  schedule  calls  for  a  120  deg 
section  in  order  to  conserve  the  mass  rate  of  air  flow  avail¬ 
able  at  the  AFIT  laboratories .  An  inlet  cone  and  accompanying 
inserts  are  to  be  constructed  to  provide  air  flow  to  the  120 
deg  section,  This  will  enable  data  acquisition  at  up  to  two 
stations  around  the  annulus  simultaneously  and  a  maximum  in¬ 
let  Mach  number  of  0.14. 

Second,  instrumentation  is  to  be  selected  and  inte¬ 
grated  into  the  diffuser  design  in  order  to  provide  reliable 
and  reproducible  data  for  determining  pressures,  velocities 
and  turbulence  intensities  at  positions  of  interest  along  the 
axis  and  the  periphery  of  the  diffuser. 

The  third  objective  is  to  provide  the  capability  for 
semiautomatic  data  acquisition  and  processing  using  a  HP 
9845/3  computer-controller  data  acquisition  system.  A  motor¬ 
ized  traversing  system  that  allows  data  acquisition  at  five 
stations  around  the  annulus  either  simultaneously  or  individ¬ 
ually  is  to  be  integrated  into  the  system.  Preliminary  data 
shall  be  taken  to  validate  the  system  and  provide  a  baseline 
as  well  as  ensure  its  support  of  both  AFIT  and  the  Aero  Pro¬ 
pulsion  Laboratory. 

Thus,  the  objectives  of  the  investigation  are  out¬ 
lined.  The  next  topic  considers  diffuser  development  and 
preliminary  testing. 


II  Theory  and  Development  of  Diffusers 

A  review  of  diffuser  behavior  was  published  by  G.  N. 
Patterson  (Ref  31)  in  1938,  The  review  was  the  accepted 
guide  to  diffuser  design  until  the  early  1960's.  Since  then, 
there  has  been  an  improved  analytical  understanding  of  dif¬ 
fusers.  The  importance  of  efficiency  criteria  for  conical 
and  straight  wall  diffusers  has  been  recognized.  Research  and 
development  has  turned  increasingly  in  the  direction  of  the 
annular  diffuser  during  the  last  two  decades.  The  annular  dif¬ 
fuser  is  an  important  component  in  gas  turbine  combustion 
systems.  The  goal  is  to  design  an  optimum  system  which  con¬ 
siders  efficiency,  economy,  and  compactness  of  annular  dif¬ 
fusers  . 

The  adverse  pressure  gradient  flow  experienced  in 
diffusers  is  irreversible  because  of  wall  friction.  This 
flow  may  be  accompanied  by  boundary  layer  separation  or  stall. 
Stall  in  a  diffuser  is  backward  motion  of  some  part  of  the 
fluid  stream.  When  this  occurs,  diffuser  performance  usually 
suffers  seriously  as  observed  by  the  loss  of  total  pressure. 

There  are  basically  four  types  of  flow  in  diffusers, 
determined  by  the  rate  at  which  the  flow  area  increases.  The 
boundary  layer  will  remain  well  behaved  as  long  as  the  pres¬ 
sure  gradient  in  the  flow  direction  does  not  exceed  some 
experimental  value  of  the  pressure  coefficient,  Cp ,  defined 
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157  A 

Cp  -  A  ?S 

1/2  /0  V2  (1) 

where  V  is  the  free  stream  velocity  and  A  P  is  the  static 
pressure  rise.  The  value  of  the  pressure  coefficient  corres¬ 
ponding  to  separation  lies  in  the  range  0.4*£CpzL0.8.  When 
the  pressure  gradient  is  not  too  large,  viscous  and  shear 
stresses  act  on  the  slow  moving  fluid  and  keep  it  from  stag¬ 
nating.  Under  these  conditions,  the  flow  is  well  behaved 
(Fig  1) .  If  the  rate  of  area  increase  is  large ,  the  flow 
could  experience  unsteady  zones  of  stall  (Fig  2) .  The  shear 
forces  cannot  overcome  the  pressure  forces  at  all  points  in 
the  flow.  Therefore,  local  separation  takes  place.  The  main 
flow  pattern  changes  due  to  the  separation  and  relieves  the 
pressure  gradient.  The  boundary  of  the  separation  zone  is 
usually  unstable  and  the  flow  may  become  unsteady.  However, 
sometimes  the  separation  pattern  becomes  steady  (Fig  3) .  Here 
the  pressure  coefficient,  equation  (1),  is  no  longer  valid. 

The  flow  will  completely  separate  and  behave  much  like  a  jet 
if  the  diffuser  walls  diverge  rapidly  (Fig  4).  In  this  case, 
practically  no  static  pressure  rise  takes  place  in  the  diffuser. 
Here  again  a  pressure  coefficient  has  no  meaning. 

In  summary,  stall  in  a  diffuser  should  be  avoided  as 
it  decreases  the  average  stagnation  pressure.  This  can  be 
observed  in  the  evaluation  of  the  pressure  coefficient  which 
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represents  an  accepted  figure  of  merit  for  the  diffuser. 


( 
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Kline  describes  relative  diffuser  performance  in 
his  experiments  by  means  of  a  pressure  recovery  coefficient, 
Cp^,  defined  by  (Ref  21) 


-if  if 

J  PdA-A,  J 


(2) 


PdA 
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r  s 

A1  A-, 


1/3V  dA 
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where  A^  and  A0  are  the  entrance  and  the  exit  areas ,  respec¬ 
tively,  of  the  diffuser.  There  are  various  measures  of  dif¬ 
fuser  performance  or  figures  of  merit.  However,  the  two  most 
commonly  used  are  the  pressure  recovery  coefficient,  C  PR 
just  considered  and  the  diffuser  efficiency,  nD*  The  stan¬ 
dard  definition  of  diffuser  efficiency,  ,  assumes  that  the 
diffuser  exit  velocity  is  negligible  and  the  flow  is  a  perfect 
gas  (Ref  22) . 


(3) 


Extensive  dj  ffuser  research  was  performed  by  Kline 
during  the  late  1950' s.  He  worked  primarily  with  two  dimen¬ 
sional  straight  wall  and  conical  diffusers.  Parametric 
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equations  correlating  two-dimensional  straight  wall,  conical 
and  annular  geometries  were  developed  (Ref  11) .  These  will 
now  be  reviewed.  Table  I  provides  the  geometrical  relation¬ 
ship.  The  correlating  variables  are  illustrated  in  Fig  5 
for  a  two-dimensional  straight  wall  diffuser  and  in  Fig  6  for 
an  annular  diffuser.  A  common  physical  characteristic  of 
the  three  types  of  diffusers  is  the  area  ratio.  Kline's 
correlating  equations  (Ref  11)  are 

Flat:  AR  =  A2  =  1  +  2  L  sin  0  (4) 


Conical:  AR  =  1  +  2  L  sin  0  +f l\^  sin^  0 

ri  H 


(5) 


Annular: 


AR 


(6) 


Kline  indicates  the  model  is  in  good  agreement  for  correlat¬ 
ing  conical  and  flat  units.  Insufficient  annular  data  existed 
to  provide  any  real  checks  on  the  correlation  suggested  for 
flat  and  annular  units  (Ref  11) .  Thus  another  requirement 
for  this  annular  diffuser  data  emerged.  The  data  to  be 
taken,  when  correlated  to  flat  and  conical  diffusers  using  the 
above  relationships,  provides  a  basis  for  validating  the  per- 
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formance .  At  the  same  time,  the  data  provides  parameters  for 
design.  Numerous  reports  on  two-dimensional  plane  wall  and 
conical  diffusers  exist  from  which  to  obtain  a  data  compari¬ 
son.  One  of  the  best  known  was  again  one  by  Kline,  Reneau, 
and  Johnston  published  in  1967  (Ref  5) .  This  study  explored 
various  flow  regimes,  locations  of  maxima  of  performance, 
varying  length  and  area  ratios ,  and  recovery  and  loss  coef¬ 
ficients  . 


The  literature  search  indicated  that  four  parameters 
need  to  be  considered  when  analyzing  diffuser  type  flow: 

1.  Minimum  loss  of  total  pressure  for  a  given 
pressure  rise 

2 .  Maximum  recovery  for  a  given  area  ratio 
independent  of  length  in  the  flow  direction 

3.  Optimum  recovery  within  a  given  length  in 
the  direction  of  flow 

4.  Optimum  recovery  for  any  possible  geometry 
for  the  given  inlet  conditions. 

The  initial  conditions  or  inlet  conditions  determine 
the  nature  of  the  flow  and  thus  must  be  considered.  Such 
parameters  as  boundary  layer  growth,  swirl  and  turbulence 
intensitites  warrant  attention. 
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Kline,  as  well  as  other  researchers,  has  found  that 
inlet  turbulence  has  a  significant  effect  on  plane  and  conical 
diffuser  performance.  Although  little  is  recorded  in  the 
literature  about  the  effects  of  turbulence  on  annular  dif¬ 
fusers,  it  is  reasonable  to  assume  a  similar  trend.  In  annu¬ 
lar  diffuser  studies  conducted  thus  far,  it  was  found  that 
the  turbulence  level,  |-t2^  is  highest  at  the  inner  and 
outer  radii  and  reaches  a  minimum  near  the  center  of  the 
annular  passage  (Ref  33) , 

Diffuser  flow  has  been  and  will  continue  to  be  an 
area  of  intense  research.  This  is  especially  true  for 
annular  diffusers  in  gas  turbine  applications  where  availa¬ 
bility  and  cost  of  fuel  will  put  combustion  efficiency  at  a 
premium. 

Thus,  it  can  be  noted  that  diffuser  research  has 
been  an  on-going  program  since  the  early  days  of  aerodynamics 
and  continues  to  play  a  vital  role  in  aerodynamic  develop¬ 
ments.  Next,  the  design  details  of  the  apparatus  developed 
in  this  investigation  are  presented. 
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Ill  Design  of  Experimental  Apparatus 

The  subsonic,  axisymmetric ,  annular  diffuser  model 
was  the  culmination  of  design  research,  Requirements  from 
AFWAL/POTC,  the  sponsor  of  the  research  under  the  guidance 
of  Mr  Dale  Hudson,  and  input  by  the  thesis  committee  were 
incorporated  into  the  design. 

Initial  design  constraints  outlined  by  the  sponsor 
included  an  inlet  diameter  of  between  18  and  24  in,  a  one  in 
minimum  inlet  channel  height  and  an  inlet  Mach  number  range 
between  0.2  and  0.6.  The  mass  flow  rate  at  the  maximum 
inlet  Mach  number  could  not  exceed  22  lbm/sec. 

Continuity  was  the  major  parameter  which  guided  the 
design  of  the  diffuser  to  meet  the  above  specifications. 
Iterations  on  the  continuity  equation 

m  =  AV  (7) 

were  performed.  The  optimum  inlet  diameter  for  the  annular 
diffuser  model  was  determined  to  be  20  in.  With  the  one  in 

2 

inlet  channel  height,  the  effective  flow  area  was  0,4145  ft  . 

Taking  compressibility  effects  into  account,  the 
mass  flow  rate  was  expressed  by  (Ref  22) 

m  =  A  JIT  Ps  M  J  1  4-  k-l~~M2  (8) 

*  R  \|t^  *  2 
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For  design  calculations  the  static  pressure  and  temperature 
were  assumed  to  be  ambient  pressure  and  temperature. 

Detailed  data  can  be  found  in  Table  II.  The  maximum  mass 
flow  rate  necessary  was  20.2  lbm/sec.  This  provided  a  Mach 
.6  inlet  condition.  The  minimum  flow  requirement  was  6.75 
lbm/sec  which  provided  a  Mach  .2  inlet  condition. 

The  constant  area  inlet  section  was  made  to  be  eight 
in  long  (Section  A,  Fig  7)  to  allow  the  establishment  of  a 
fully  developed  velocity  profile.  The  length  was  a  compro¬ 
mise  between  developing  the  flow  and  at  the  same  time  guard¬ 
ing  against  excessive  boundary  layer  growth  effects.  The 
size  of  the  boundary  layer  was  estimated  using  flat  plate 
theory  at  the  outlet  of  the  eight  in  section  (Ref  34) . 
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(9) 


From  this  equation,  the  boundary  layer  height  on  one  wall  is 
0.16  in. 


Attached  to  the  eight  in  inlet  section  was  a  four  in 
diffusing  section  designed  to  be  removable  to  allow  testing 
various  area  ratios  (Section  B,  Fig  7).  The  L/A.  ratio  of 
the  four  in  length  is  typical  of  gas  turbine  engine  diffusing 
sections.  The  diffusing  section  had  an  area  ratio  of  two. 

At  the  exit  of  the  diffusing  section  the  flow  area  was  0.8290 
ft  .  This  section  was  of  most  interest  and  is  the  heart  of 
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the  system.  The  velocity  drop  and  the  static  pressure  rise 
took  place  here  and  the  effect  of  a  full  annular  region  on 
the  flow  behavior  was  of  prime  interest.  The  expected 
velocity  at  the  exit  of  the  diffusing  section  was  calculated 
from 

V  -  m  (10) 

^  =  P  (11) 

RT 

Diffusing  section  exit  conditions  are  found  in  Table  III. 

The  four  in  diffusing  section  (Section  B,  Fig  7) 
opened  into  a  dump  with  an  area  ratio  of  4.5  (Section  C,  Fig  7.) 
This  section  models  the  entrance  to  the  combustion 
region  and  provides  the  necessary  mixing  and  additional 
velocity  drop  and  static  pressure  rise  for  efficient  combus¬ 
tion.  For  the  dump  area  design  calculations  the  density  of 

the  air  was  assumed  to  be  ambient  and  the  flow  area  was 
o 

1.865  ft  .  Diffuser  dump  flow  conditions  are  found  in  Table 
IV.  The  dump  extended  for  two  ft  beyond  the  four  in  diffus¬ 
ing  section  to  prevent  objects  downstream  from  sending  back 
pressure  signals  that  might  affect  the  flow  in  the  diffuser. 

The  annular  diffuser  model  was  created  and  built  based  on 
these  calculations. 

The  final  design  of  the  diffuser  model  (Figs  7,  8, 
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and  9)  was  20  in  in  diameter  at  the  inlet.  The  axial 
annular  sections  consisted  of  an  eight  in  constant  area 
section  with  one  in  channel  height,  a  four  in  diffusing 
section  with  an  area  ratio  of  two  and  a  24  in  dump  section 
with  an  area  ratio  of  4.5.  The  exit  diameter  was  23.5  in 
and  the  overall  length  was  36  in. 

The  apparatus  was  constructed  around  a  super¬ 
structure  consisting  of  a  48  in  long,  eight  in  diameter 
aluminum  pipe  with  1/4  in  wall  thickness.  Built  up  around 
the  superstructure  was  a  wooden  cylinder  that  formed  the 
inside  surface  of  the  annulus  at  the  front.  The  wooden 
cylinder  tapered  in  at  the  diffusing  section  and  cut  in 
again  at  the  dump.  The  built  up  wooden  section  was  supported 
by  plugs  and  metal  beams.  The  beams  extended  to  the  front 
and  rear  of  the  apparatus  and  connected  to  vertical  beams 
fastened  to  the  table.  The  support  struts  were  streamlined 
in  order  to  reduce  flow  interference.  The  inside  surface 
of  the  annulus  (wood)  was  machined  and  smoothed  to  within 
0.06  in  of  all  specifications.  In  addition,  the  surface  was 
painted  with  two  coats  of  light -absorbing  flat  black  enamel. 
This  served  a  twofold  purpose .  One ,  the  surface  was  made 
smooth  and  two,  reflections  from  incident  laser  light  would 
be  kept  to  a  minimum. 

Plexiglass  was  used  as  the  outside  surface  of  the 
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annulus.  This  material  was  chosen  over  both  metal  and  wood 
because  of  the  necessity  to  have  visual  access  to  the  flow. 

There  were  other  advantages  inherent  to  the  plexiglass. 

Probes  were  aligned  properly  by  visually  positioning  them 
with  respect  to  the  flow,  Traversing  the  flow  radially  was 
completed  with  confidence  by  visually  verifying  a  probe's 
position.  In  the  event  there  were  areas  of  flow  separation, 
tufts  could  be  installed  and  such  zones  located.  This  outer 
plexiglass  shell  was  aligned  such  that  all  channel  heights, 
area  ratios ,  and  other  dimensions  were  as  specified  in  the 
design  (within  0.06  in). 

As  stated  earlier,  the  apparatus  had  a  removable 
diffusing  section  and  thus  was  made  in  three  parts:  the  inlet 
section,  the  diffusing  section,  and  the  dump  section.  There  were 
flanges  at  the  front  and  back  of  each  section  with  bolts 
spaced  no  more  than  two  in  apart  around  the  annulus  to  connect 
the  flanges.  There  was  a  rubber  gasket  between  each  section 
to  eliminate  air  leakage.  The  gasket  was  trimmed  to  provide 
a  continuous  inner  surface, 

The  table  that  supported  the  diffuser  was  designed 
and  built  specifically  for  this  project.  It  was  10  ft  long 
and  18  in  wide,  The  height  to  the  midline  of  the  diffuser 
was  40.75  in.  This  ./as  necessary  for  the  laser  doppler 
velocimeter  (LDV)  access  to  the  flow  section.  The  laser 
beams  were  at  a  height  of  40.75  in  from  the  floor.  The 
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table  was  leveled  to  provide  absolutely  parallel  flow  to 
the  floor,  It  was  also  made  to  be  a  stable  platform  with  no 
movement  due  to  small  disturbance  forces. 


In  order  to  simulate  the  design  flow  field,  inlet 
guide  vanes  (IGV's)  were  installed.  The  IGV  system  was 
attached  to  the  front  end  of  the  diffuser  by  plexiglass 
flanges  and  bolts.  The  IGV's  consisted  of  66  symmetric  air¬ 
foils  with  a  solidity  of  1  and  a  3/4  in  chord  length.  NACA 
0012  airfoils  were  used.  The  angle  of  attack  of  the  IGV's 
could  be  adjusted  from  -10  to  +10  deg.  All  airfoils  could 
be  moved  simultaneously  and  a  prescribed  angle  of  attack 
input  by  means  of  set  screws.  The  IGV's  flow  area  and  chan¬ 
nel  height  were  matched  to  the  diffuser  inlet.  In  addition 
to  the  rubber  gasket,  a  foam  rubber  gasket  was  added  to  pro¬ 
vide  a  smooth  transition  between  the  IGV's  and  the  inlet. 

The  vanes  were  used  to  both  straighten  and  provide  swirl  to 
the  flow.  Beyond  ten  deg,  flow  separation  from  the  IGV's  could 
possibly  become  a  problem  and  limit  the  turning.  The  vanes 
were  fashioned  out  of  wood  and  covered  with  enamel  paint  for 
smoothness . 

Phase  I  of  the  testing  was  scheduled  to  use  the 
house  air  of  AFIT  Building  640  where  a  limited  mass  flow  rate 
is  available  (0.5  -  1.5  lbm/sec  at  80  psia).  Phase  II  of  the 
testing  will  involve  the  new  flow  generating  facility  of 
AFIT  Building  640  where  a  higher  mass  flow  rate  will  be 
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available.  The  facility  is  in  the  final  stages  of  development 
and  will  be  available  by  mid-1982  for  hook  up  to  the  diffuser 
apparatus . 

To  accommodate  Phase  I  testing,  the  diffuser  flow 
region  was  restricted  to  a  120  deg  section.  This  allowed 
taking  data  at  no  more  than  two  stations  around  the  annulus 
at  one  time.  The  flow  source  was  a  three  in  inner  diameter 
pipe.  The  flow  was  expanded  from  this  pipe  to  the  120  deg 
annular  section  by  means  of  a  specially  designed  double  cone 
section  (Fig  10).  First,  two  cones  were  turned  on  a  lathe  to 
match  the  outer  and  inner  radii,  respectively,  of  the  dif¬ 
fuser  inlet.  Fiberglass  was  laid  up  on  the  plugs  and  a  120 
deg  section  cut  out  of  each  fiberglass  form.  Walls  were 
attached  to  enclose  the  flow  area  along  with  wooden  flanges 
to  bolt  the  cone  onto  the  IGV's.  The  area  ratio  between  the 
inlet  to  the  diffuser  and  the  pipe  flow  was  8.4.  The  inlet 
cone  was  acting  as  a  diffuser  and  as  such  was  subject  to  stall 
and  flow  separation.  Using  Kline's  (Ref  30)  work,  the  opti¬ 
mum  length  was  approximately  36  in  (Fig  10) .  The  inlet  cone 
was  connected  to  the  three  in  pipe  source  via  a  12  in  long 
flexible  rubber  connection  and  fastened  with  adjustable  pipe 
clamps . 

Necessary  accessories  to  the  120  deg  section  inlet 
cone  were  diffuser  inserts.  They  would  keep  the  flow  through¬ 
out  the  annular  diffuser  confined  to  a  120  deg  section.  The 
inserts  were  machined  of  wood  and  fit  the  contour  of  the  flow 
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field  in  the  radial  direction,  Heavy  felt  was  attached  to 
the  edges  of  the  inserts  to  seal  the  flow  area  (Fig  11) . 

The  inserts  and  the  inlet  cone  were  used  for  Phase  I  of  the 
testing  to  drive  the  diffuser  at  the  highest  possible  Mach 
number  of  , 14 . 

The  preliminary  testing  was  accomplished  at  AFIT 
Building  640  with  the  120  deg  annular  section  in  place.  The 
second  phase  of  the  testing  is  planned  at  AFIT  Building  640. 
With  these  two  phases  completed,  the  rig  with  experimental 
subsystems  less  automatic  data  acquisition  will  be  moved  to 
AFWAL/POTC  for  final  testing. 

Thus ,  the  apparatus  and  complementary  subsystems  were 
designed  and  fabricated.  The  variety  of  instrumentation 
systems  used  will  be  considered  next. 
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IV  Instrumentation 


The  research  program  permitted  a  simultaneous  develop¬ 
ment  of  the  instrumentation  package  and  the  facility  design. 
The  instrumentation  package  provides  inputs  to  an  automatic 
data  acquisition  and  processing  system  (ADAPS) .  This  pro¬ 
vided  an  opportunity  for  the  instrumentation  package  and 
facility  design  to  complement  each  other.  For  example,  the 
outer  shell  of  plexiglass  provided  flow  visualization  and 
visual  positioning  and  alignment  of  the  probes.  Also,  the 
inner  shell  was  painted  flat  black  to  reduce  reflected  laser 
light  from  the  LDV. 

Three  instrumentation  systems  were  used  in  this 
project-  pitot  tube  system,  hot  wire  anemometer,  and  LDV 
system.  In  addition,  the  ADAPS  was  used  due  to  its  avail¬ 
ability  at  both  AFIT  and  AFWAL/POTC. 

Three  pitot  tubes  were  used  for  the  purpose  of 
obtaining  static  and  total  pressures  and  mean  velocities. 

The  pitot  tubes  were  of  ASME  test  code  design  and  manufac¬ 
tured  by  the  United  Sensor  Company,  The  pitot  tubes  selected 
were  1/16  in  diameter  (Fig  12) .  This  yielded  between  one 
and  six  percent  blockage  in  the  flow  duct  bounded  by  adja¬ 
cent  guide  vanes  and  the  inner  and  outer  walls  of  the 
apparatus.  Each  pitot  tube  was  equipped  with  both  a  total 
pressure  port  and  static  pressure  ports.  The  pressure 
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Signals  from  the  pitot  tubes  were  fed  through  tubing  into 
electrical  pressure  transducers  (Fig  13) ,  One  pressure  trans¬ 
ducer  was  provided  for  each  pitot  tube  exit  port.  A  water 
manometer  system  was  installed  parallel  to  the  transducers 
as  a  backup  and  validating  system  for  the  preliminary  work. 

The  electrical  signals  from  the  pressure  transducers  were 
transmitted  to  digital  voltmeters  with  the  capability  to  be 
fed  into  the  HP  9845/B.  Calibration  curves  plotting  pres¬ 
sure  versus  voltage  (Figs  26,  27)  were  obtained  for  each 
pressure  transducer.  The  voltages  were  converted  to  total 
and  static  pressures.  The  calibration  curves  were  all  found 
to  be  linear  (Figs  26,  27).  The  transducers  were  differen¬ 
tial  pressure  transducers  in  the  0-2  psid  range.  One  pres¬ 
sure  port  on  the  transducer  was  connected  to  the  pitot  tube 
and  the  other  port  was  left  open  to  the  atmosphere.  The 
differential  pressure  from  the  transducer  was  added  to 
ambient  pressure  for  the  actual  pressure  reading.  By  form¬ 
ing  Ps/Pt  and  reading  Tt  from  a  thermometer  inserted  in  the 
air  supply  and  then  with  the  aid  of  the  Gas  Tables  (Ref  32) , 
the  Mach  number,  static  temperature  and  velocity  were  obtained 
(Table  5) ,  The  velocity  was  derived  from 

V  =  a  M  =  M  jk  R  Ts‘  =  Mjk  R  ^Tsj  Tt  ’  (12) 

The  pressure  transducers'  complementary  electronics  included 
a  10  volt  power  supply  and  a  10  channel  switching  and  balanc- 
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ing  unit.  The  transducers  required  voltmeters  with  millivolt 
sensitivities , 

The  Thermo  Systems  Inc  (TSI)  model  1050  hot  wire 
anemometer  system  was  used  for  the  dual  purpose  of  obtaining 
velocities  as  well  as  turbulence  intensities.  The  complete 
1050  series  instrument  consists  of  a  controlled  bridge  and 
amplifier  circuit,  a  power  supply  and  DC  readout  circuit. 

The  transducer  used  with  the  1050  series  anemometer  is  a 
small  resistance  element  which  is  heated  and  controlled  at 
an  elevated  temperature.  The  amount  of  electrical  energy 
dissipated  in  the  sensor  is  a  measure  of  the  cooling  effect 
of  the  fluid  flowing  past  the  heated  sensor.  This  depends  on 
both  the  mass  flow  and  temperature  difference  between  the 
sensor  and  the  fluid.  The  relationship  between  bridge 
voltage  and  mass  flow  is  as  follows  (Ref  35) i 

2 

O  =  (A  +  B  (^v)1/n)  (ts  -  te)  (13) 

(R  +  R3)Z 

where  A,  B  =  constants  depending  on  fluid  and  type  of  sensor. 

/>  =  density  of  the  gas  or  liquid 

V  =  velocity 

n  =  exponent  (close  to  2) 
ts  =  sensor  operating  temperature 
te  =  fluid  temperature 
ts-te  =  typically  225°C  in  air 


R  =  sensor  operating  resistance 

=  resistor  in  series  with  the  sensor 
E  =  bridge  voltage 

All  tests  were  conducted  with  a  hot  film  sensor  (Fig  14). 

Hot  film  sensors  have  properties  that  are  best  for  most 
applications.  The  hot  film  sensor  used  in  Phase  I  testing 
was  0.001  in  in  diameter.  This  sensor  provided  the  necessary 
frequency  response  and  ruggedness  for  continuous  use  in  the 
diffuser  flow  field.  Included  here  were  all  Mach  numbers  of 
interest  and  the  accompanying  levels  of  turbulence.  The  hot 
film  sensor  was  calibrated  using  the  ADAPS  and  software 
developed  by  Captain  Mike  Kirchner  (Ref  Unpublished  Thesis) . 
Velocities  between  2  and  222  ft/sec  were  plotted  versus 
voltage (Fig  15) .  Using  a  polynomial  curve  fitting  technique 
a  fourth  degree  polynomial  was  found  to  fit  the  points 
(Fig  15) .  The  polynomial  is 

V  =  A  +  B (Volts)  +  C(Volts)2  +  (14) 

D(Volts)3  +  E(Volts)4 

The  constants  for  the  particular  hot  film  sensor  used  in 
Phase  I  of  the  testing  can  be  found  in  Fig  15. 

The  output  voltage  from  the  constant  temperature 
anemometer  was  fed  into  the  digital  voltmeter  and  the  read¬ 
ings  entered  into  the  fourth  deg  polynomial  for  mean  veloci¬ 
ties.  The  turbulent  component  of  the  velocity  was  found  by 
inputting  the  voltage  from  the  TSI  model  1050  constant 
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temperature  anemometer  into  an  RMS  voltmeter,  This  voltage 
was  used  in  conjunction  with  a  manipulated  form  of  the  fourth 
degree  polynomial  to  calculate  the  turbulent  component  of 
velocity  (Appendix  C) . 

d  (Vel)  =  B  +  2  C  (Volts)  +  3  D  (Volts)2  (15) 

+  4  E  (Volts)3 

Alternatively,  the  voltages  could  be  fed  into  the 
ADAPS  and  processed  by  existing  software. 

The  laser  doppler  velocimeter  (LDV)  is  a  non- 

intrusive  tool  and  has  gained  support  for  use  in  aerodynamic 

research.  The  LDV  has  not  by  far  reached  its  full  usage 

potential.  Its  incorporation  into  the  diffuser  model  is  an 

effort  to  fully  evaluate  its  potential  while  at  the  same  time 

develop  techniques  that  apply  strictly  to  the  diffuser  flow 

problem.  The  LDV  system  employed  was  the  TSI  system  9100-6, 

single  channel  optics  and  a  Spectra  Physics  165-04  four  watt 

Argon-Ion  laser.  Signal  processing  was  accomplished  by  the 

TSI  Model  1990  counter  type  signal  processor.  In  this  study, 

the  LDV  was  operated  in  the  on-axis  backscatter  mode  at  a 

o 

wavelength  of  4880  A.  This  LDV  system  was  selected  because 
of  the  high  degree  of  measurement  sophistication  inherent  in 
the  system.  The  frequency  response  of  the  counter  type 
signal  processor  is  200  MHz.  The  optics  and  signal  proces¬ 
sing  were  complementary  and  provided  one  of  the  highest  signal 
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to  noise  ratios  available  on  the  market  today.  This  system 
was  optimized  for  superior  performance  in  the  backscatter 

mode . 


Obtaining  useful  data  with  the  LDV  depended  on  the 
following : 

1.  The  transparent  fluid  flow  field,  including 
acceptable  particle  concentration  and  size. 

2.  The  optics 

3.  The  alignment  of  the  laser  and  optics 

4.  The  photodetector 

5.  The  signal  processor 

6.  The  data  reduction  process. 

Items  2,  4,  and  5  were  fixed  parameters.  Item  1,  particle 
concentration  and  size,  was  an  extremely  important  considera¬ 
tion.  Preliminary  checking  on  the  air  system  indicated  that 
the  naturalseeding  was  marginal.  Nevertheless,  testing  is 
to  continue  as  a  flow  seeding  device  is  scheduled  for  early 
1982.  The  data  from  the  frequency  counter  were  directly 
affected  by  the  particles  that  reflected  the  laser  light  as 
they  passed  through  the  control  volume.  The  control  volume 
was  formed  by  the  intersection  of  two  laser  beams  and  had 
dimensions  of  0.61  mm  X  84  um  X  84  ym  (Fig  17).  The  optimum 
particle  concentrn tion  for  this  system  was  chosen  to  be 
a  five  percent  probability  of  more  than  one  particle  in  the 
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measuring  volume  (Ref  36) ,  Particle  size  had  a  direct 
impact  on  the  data  because  of  its  importance  in  relation  to 
the  fringe  spacing  in  the  control  volume  (Fig  17) . 

FS  =  (16) 

(3EF)  (BS) 

o 

=  4880  A  =  1.79  ym 

(3.75)  (35mm) 

480 . 2mm 

The  focal  length  of  the  lens  was  adjusted  for  the  light 
bending  effect  of  the  laser  windows ,  The  particle  size 
should  be  smaller  than  the  fringe  spacing  to  obtain  the  most 
accurate  frequency  count  as  the  particle  traverses  the  con¬ 
trol  volume. 

The  LDV  was  used  to  measure  the  velocity  of  the 
particles  which  was  assumed  to  be  identical  to  the  velocity 
of  the  fluid.  There  are  several  methods  of  data  processing 
used  by  LDV  systems.  This  particular  system  used  a  frequency 
counting  technique  which  measures  the  doppler  frequency  shift 
of  each  particle  as  it  crosses  the  fringes  in  the  control 
volume.  Then  the  velocity  can  be  found  one  of  two  ways. 
First,  multiply  the  doppler  frequency  measured  by  the  fringe 
spacing.  This  requires  accurate  determination  of  the  fringe 
spacing.  An  alternative  is  to  use 

^d  =  2  V  sin  k  (17) 

\ 
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and  solve  for  velocity,  The  resultant  velocity  component 
will  be  perpendicular  to  the  fringes,  This  particular 
frequency  counter  had  the  capability  for  direct  readout  of 
velocities  and  was  used  during  Phase  I  of  the  testing.  The 
counter  also  had  digital  data  lines.  An  interface  to  the 
HP  9845/B  computer-controller  has  been  designed  and  is  near 
completion  for  use  in  Phase  II  of  the  testing.  The  desired 
end  products  were  mean  velocities  and  turbulence  levels. 

The  LDV  system  can  be  expanded  in  future  applica¬ 
tions  of  this  diffuser-instrumentation  system.  Additional 
optics  to  measure  velocities  in  more  than  one  direction  would 
offer  new  insights  into  improved  diffuser  designs.  Turbulent 
flow  could  be  studied  with  a  non-intrus ive  instrument. 

The  instrumentation  systems  provide  the  necessary 
capability  to  collect  data  for  pressures,  velocities,  and 
turbulence  intensities.  Continued  testing  with  the  aid  of 
this  model  will  yield  the  required  data  to  fully  evaluate 
the  performance  capabilities  of  annular  diffusers. 

In  an  effort  to  provide  accurate  and  varied  instru¬ 
mentation  access  along  and  around  the  diffuser,  an  axial 
traversing  mechanism  was  designed  and  built  (Fig  18) .  It 
was  constructed  so  that  all  peripheral  data  stations  at  one 
axial  point  could  be  used  either  simultaneously  or  individually. 
The  axial  traversing  system  was  moved  manually  along  tracks 
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between  axial  points,  These  tracks  were  at  floor  level  but 
were  bolted  to  the  diffuser  table  for  stability  and  absolute 
positioning  control.  The  traversing  system  could  be  locked 
into  place  at  three  axial  locations ,  At  four  points  on  the 
axial  traversing  system,  motorized  traversers  were  bolted  on 
(Fig  18) ,  Once  the  axial  traversing  system  was  locked  into 
place,  the  motorized  traversers  moved  the  hot  film  sensor 
and  the  pitot  tubes  radially  through  the  flow.  They  were 
controlled  through  a  switch  box  and  could  be  activated  both 
individually  and  together.  Length  scales  on  the  motorized 
traversers  determined  radial  position  to  within  1/16  of  an 
in.  The  motor's  speed  was  1/10  in/sec.  This  allowed  careful 
positioning  in  the  diffuser  flow  area.  To  provide  more 
capability  for  follow  on  researchers,  two,  two  channel  abso¬ 
lute  encoders  are  available  and  can  readily  be  integrated  to 
the  instrumentation  to  determine  position  within  .001  in.  The 
interface  has  been  designed  and  fabricated. 

Thus,  the  instrumentation  was  selected  to  gather  the 
most  informative  data  in  the  most  efficient  manner.  The  next 
chapter  considers  the  integration  of  the  diffuser  and  its 
instrumentation  and  experimental  techniques. 
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V  Integrated  Systems  and  Experimental  Techniques 

The  apparatus  has  been  designed  and  fabricated.  The 
instrumentation  systems  have  been  selected.  Both  were  designed 
to  provide  the  greatest  determination  of  the  flow  parameters 
such  as  pressure  coefficient,  turbulence  intensity,  pressure 
gradient,  total  pressure  gradient  and  velocity  profiles. 

Three  points  along  the  axis  of  the  diffuser  were  identified 
for  the  entry  of  the  instrumentation  systems  (Fig  7) .  The 
first  point  was  in  the  constant  area  inlet  section  three  in 
downstream  of  the  inlet  section  flange  (Fig  7).  Here,  inlet 
conditions  of  pressure,  velocity  and  turbulence  intensities 
are  to  be  measured.  This  will  provide  data  on  the  nature  of 
the  flow  provided  by  the  120  deg  inlet  cone  and  the  IGV's. 

In  addition,  the  impact  of  inlet  conditions  on  the  performance 
of  the  diffusing  section  could  be  evaluated.  The  second 
axial  data  point  was  one  in  downstream  of  the  entrance  to  the 
diffusing  section  (nine  in  from  the  inlet  flange).  Ideally, 
data  should  be  taken  at  many  points  all  along  the  diffusing 
section.  For  preliminary  testing,  one  point  was  chosen  to 
provide  the  most  informative  data.  The  third  point  was  two 
in  downstream  of  the  diffuser  dump  inlet  flange  (15  in  from 
the  inlet  flange).  The  area  ratio  changed  from  2  to  4.5  via 
a  step  function.  This  was  the  farthest  downstream  that 
meaningful  data  was  needed.  As  the  research  program  progres¬ 
ses  and  the  need  for  additional  axial  data  points  arise,  the 
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plexiglass  outer  shell  is  ideally  suited  for  the  addition  of 
additional  test  stations.  The  design  condition  of  three  axial 
data  points  was  instrumented  with  three  pitot  tube  systems,  a 
hot  wire  anemometer  system  and  an  LDV  system.  At  each  axial 
test  point,  five  peripheral  stations  were  chosen  around  the 
annulus  to  access  the  flow  for  the  pitot  tubes,  the  hot  film 
sensor  and  the  LDV  laser  beams  (Fig  8) . 

Three  of  the  five  stations  were  chosen  as  the  pitot 
tube  access  ports  (Fig  8) .  One  was  located  directly  in  the 
axial  horizontal  plane,  one  at  60  deg  from  the  horizontal 
plane,  and  one  at  135  deg  from  the  horizontal.  This  spacing 
was  necessary  to  detect  the  presence  of  cyclical  flow 
behavior.  The  access  holes  were  1/4  in  in  diameter  and  rub¬ 
ber  plugs  prevented  air  leakage  around  the  pitot  tubes.  In 
addition,  a  pitot  tube  could  be  used  in  the  hot  film  sensor 
access  port  through  a  special  adaptor  plug.  The  pitot  tubes 
traversed  the  flow  radially  by  means  of  the  motorized  travers¬ 
ers  .  The  alignment  of  the  probes  was  done  visually  to 
ensure  parallelism  to  the  flow.  Specially  designed  metal 
blocks  held  the  pitot  tubes  rigidly  to  the  motorized  travers¬ 
ers.  Plastic  tubing  connected  the  pitot  tubes  and  the  pres¬ 
sure  transducers.  Electronics  to  support  the  pitot  tubes 
were  the  pressure  transducers  (Fig  13) ,  a  10  channel  switch¬ 
ing  and  balancing  unit  (Fig  13) ,  a  24  volt  power  supply 
(Fig  13) ,  and  one  voltmeter  for  each  pressure  transducer. 
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The  hot  film  sensor  access  port  was  located  top 
vertical  (Fig  8) .  The  access  port  was  1/2  in  in  diameter  and 


a  rubber  plug  prevented  air  leakage  around  the  hot  film 
sensor.  The  hot  film  sensor  traversed  the  flow  radially  by 
means  of  a  motorized  traverser.  The  alignment  of  the  sensor 
was  done  visually  to  ensure  perpendicularity  to  the  flow.  A 
specially  designed  metal  block  held  the  hot  film  sensor 
assembly  rigidly  to  the  motorized  traverser.  The  output  from 
the  constant  temperature  anemometer  was  fed  to  both  a  digital 
voltmeter  and  an  RMS  voltmeter.  The  digital  voltmeter  read¬ 
out  was  entered  into  the  fourth  deg  polynomial  (Eqn  14) 
determined  in  Chapter  4.  This  converted  the  voltage  to  the 
steady  state  velocity.  The  RMS  component  of  the  voltage  was 
used  to  find  the  turbulent  velocity  component  (Eqn  15) , 

The  LDV  had  the  advantage  of  causing  the  least  inter¬ 
ference  with  the  flow.  The  two  LDV  laser  beams  passed  through 
interferometer  quality,  two  in  in  diameter,  glass  windows. 

The  windows  were  .389  in  thick,  nominal,  and  flat  to  within 
1/20  of  one  sec  of  a  deg.  They  were  installed  on  the  hori¬ 
zontal  180  deg  from  the  axial  horizontal  pitot  tube  access 
(Fig  8) .  To  avoid  propagation  of  the  two  laser  beams  through 
the  plexiglass,  a  1.5  in  by  3/16  in  slot  was  cut  out  at  each  of 
the  three  LDV  access  stations .  The  laser  window  and  its 
holder  were  attached  to  the  outside  plexiglass  surface  of 
the  diffuser.  The  window  and  holder  were  centered  over  each 
slot  and  sealed  with  epoxy  (Fig  19) .  A  rubber  gasket  was 
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located  between  the  window  and  the  holder  to  seal  the  area. 
There  will  be  a  small  cavity  effect  due  to  the  slots  cut  out 
of  the  plexiglass.  This  should  not  affect  the  data  as  long 
as  the  LDV  laser  control  volume  is  kept  at  least  1/4  in  from 
the  inside  surface  of  the  outer  plexiglass  wall.  There 
were  three  windows  and  three  specially  designed  plexiglass 
holders  made  to  fit  the  contour  of  each  of  the  three  axial 
LDV  data  stations,  respectively  (Fig  19).  The  height  from 
the  floor  to  the  slots  was  40,75  in.  The  laser  and  optics 
were  mounted  on  an  aluminum  breadboard  mounting  base.  It  was 
72  in  long,  24  in  wide,  2.5  in  high,  and  weighed  108  lbs 
(Fig  16).  It  provided  a  flat,  rigid  surface  on  which  to 
position  and  align  the  laser  and  optics.  This  mounting  base 
was  placed  on  a  table  to  provide  a  rigid  and  stable  laser  and 
optics  platform.  It  also  provided  a  laser  beam  height  of 
40.75  in  from  the  floor.  The  accompanying  laser  power  supply 
and  LDV  frequency  counter  plus  oscilloscope  were  located 
directly  adjacent  to  the  laser  and  optics  platform  (Fig  20). 
The  LDV  laser  beams  were  aligned  with  the  windows  and  slots 
by  manually  moving  the  diffuser  apparatus. 

The  five  diffuser  access  stations  for  the  three 
pitot  tubes,  one  hot  film  sensor,  and  one  LDV  system  were 
provided  at  each  of  the  three  data  acquisition  points  along 
the  axis  of  the  diffuser. 

The  designed  method  of  intrumentation  allowed 
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simultaneous  data  acquisition  at  the  five  stations  of  one 
axial  data  point.  The  accurate  determination  of  flow 
characteristics  around  the  annulus  was  the  goal.  Radial 
velocity,  turbulence  intensity  and  pressure  profiles  could 
be  determined  at  any  instrumented  point.  The  various 
instrumentation  systems  were  used  for  two  purposes.  One  was 

to  analyze  annular  diffuser  flow  behavior.  The  other  was  to 

% 

establish  the  attributes  of  each  instrumentation  system  when 
used  in  an  annular  diffuser  flow  environment. 

The  inlet  guide  vanes  (IGV's)  could  be  used  to  both 
straighten  and  impart  swirl  to  the  inlet  flow.  In  the  zero 
deg  swirl  setting,  the  IGV's  straightened  the  flow.  Data 
taken  with  zero  swirl  during  Phase  I  baseline  testing  could 
be  compared  with  Phase  II  testing  which  will  consider  the 
effects  of  swirl. 

The  inlet  cone  expanded  the  three  in  pipe  source 
flow  to  the  120  deg  annular  section.  The  data  obtained  in 
this  configuration  could  be  compared  to  that  obtained  with 
a  different  annular  section. 

Preliminary  testing  used  two  compressors  for  a  one 
lbm/sec  mass  flow  at  60  psi.  This  was  the  maximum  capa¬ 
bility  of  the  air  delivery  system  at  the  time  and  resulted 
in  a  maximum  Mach  number  for  the  120  deg  annular  section  of 
0.14.  All  preliminary  testing  was  at  this  value.  Once 
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steady  state  flow  had  developed  (5  minutes) ,  the  probes  and 
motorized  traversers  were  zeroed  with  the  probes  positioned 
visually  at  the  inner  surface  of  the  outer  plexiglass  wall. 
Radial  profiles  of  pressure,  velocity,  and  turbulence  were 
obtained  by  observing  the  flow  at  five  radial  positions. 
This  procedure  was  repeated  at  each  axial  data  acquisition 
point . 


The  completed  installation  presented  a  fully 
integrated  system  of  both  test  apparatus  and  instrumentation. 
In  addition  to  the  manual  processing  of  raw  data,  the  HP 
9845/B  could  be  integrated  to  the  instrumentation.  Appro¬ 
priate  software  guidelines  are  on  file  in  the  Department  of 
Aeronautics  and  Astronautics  of  AFIT/5N.  This  makes  it  pos¬ 
sible  in  the  future  to  analyze,  examine,  and  compare  a  large 
volume  of  collected  data  for  a  thorough  investigation  of 
diffuser  flow. 

Thus,  the  preliminary  data  gathering  was  accomplished. 
In  Chapter  6,  the  results  of  the  preliminary  testing  which 
will  provide  a  baseline  will  be  discussed. 


VI  Results  and  Discussion  -  System  Evaluation 

The  full  360  deg  annular  diffuser  and  associated 
instrumentation  have  been  assembled  and  integrated.  Prelimi¬ 
nary  testing  was  accomplished  with  the  120  deg  section  inlet 
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cone  in  place  for  a  total  inlet  area  of  0.1382  ft  .  The  mass 
flow  rate  was  one  Ibm/sec  at  60  psi  which  yielded  a  maximum 
Mach  number  of  0.14. 

Some  general  comments  are  appropriate.  The  annular 
diffuser  apparatus  generated  a  high  level  of  acoustic  noise 
when  operated.  The  level  of  noise  occurring  at  such  a  low 
Mach  number  indicated  flow  separation  either  in  the  inlet  cone 
or  in  the  diffuser  or  both.  The  flow  through  the  inlet  cone 
did  not  fully  expand  and  was  limited  to  an  approximately  90 
deg  section.  This  is  an  example  of  jet  flow  in  a  diffuser 
(Fig  4) .  The  failure  of  the  inlet  cone  to  provide  a  fully 
expanded  flow  to  the  diffuser  inlet  suggests  that  another 
method  be  used  to  provide  the  inlet  How.  This  new  method 
can  be  in  the  form  of  a  60  deg  inlet  cone  or  the  addition  of 
a  plenum  chamber  just  upstream  of  the  IGV's.  The  impact  of 
the  present  120  deg  inlet  cone  flow  on  the  preliminary  data 
could  be  large.  The  areas  of  separation  in  the  inlet  cone 
could  be  unsteady  and  therefore  the  inlet  cone  would  provide 
varying  inlet  conditions  to  the  diffuser.  This  could  explain 
the  disparity  in  pitot  tube  and  hot  film  velocities  which  is 
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discussed  below.  Flow  integrity  (no  leakage)  was  maintained 
throughout  many  transition  sections  (pipe  and  inlet  cone, 
inlet  cone  and  IGV's,  IGV's  and  diffuser  inlet).  The  axial 
traversing  system  positioned  the  motorized  traversers  and  the 
probes  exactly  over  the  access  ports  to  the  diffuser  flow 
field.  The  motorized  traversers  moved  the  probes  radially 
through  the  flow  to  obtain  pressure  and  velocity  profiles 
(Figs  21-25) .  This  was  done  at  all  three  axial  instrumenta¬ 
tion  points . 

The  operation  of  the  diffuser  is  next  considered  in 
relation  to  each  of  the  three  instrumentation  systems.  The 
pitot  tube  system  is  considered  first.  The  pitot  tubes  were 
easily  mounted  in  the  flow  and  accurately  positioned.  This 
was  important  due  to  the  sensitivity  of  the  pitot  tube  in 
relation  to  the  flow  direction.  The  Bell  and  Howell  0-2  psid 
pressure  transducers  did  not  yield  the  desired  sensitivity  at 
the  low  pressures  that  were  encountered.  Their  reliability 
will  increase  as  more  mass  flow  becomes  available.  To  counter 
any  inaccuracies  in  the  data  obtained  with  the  pressure  trans¬ 
ducers,  a  parallel  water  manometer  was  installed.  The  damping 
encountered  in  the  water  manometer  system  made  the  collection 
of  reliable  data  possible.  The  data  from  both  the  water  mano¬ 
meter  system  and  the  pressure  transducer  system  showed  the  same 
general  trends  in  the  pressure  and  velocity  profiles  (Figs 
21-24).  Data  for  the  pitot  tube  system  with  pressure  trans- 
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ducers  are  found  in  Table  V.  Data  for  the  pitot  tube  system 
with  the  water  manometer  are  found  in  Table  VI.  Velocities 
derived  from  pressure  ratios  suffered  in  the  pressure  trans¬ 
ducer  data.  This  was  due  to  the  lack  of  precision  in  the 
pressure  readings.  Fluctuating  voltmeters  due  to  small  /\  P 
caused  the  lack  of  precision.  This  will  improve  as  m  increases 
resulting  in  larger  A  P  values . 

A  hot  film  sensor  was  used  with  the  hot  wire  anemo¬ 
meter  system.  Calibration  and  data  reduction  were  accomplished 
with  the  aid  of  the  HP  9845/B  computer-controller.  The  hot 
film  sensor  dat-.  indicated  a  higher  inlet  velocity  than  the 
pitot  systems.  However,  the  same  trends  were  apparent  in  the 
velocity  profiles  measured  by  each  of  the  instruments  (Figs  23- 
25)  . 


The  laser  doppler  velocimeter  (LDV)  system's  sensi¬ 
tivity  to  particle  concentration  and  size  was  the  limiting 
factor  in  data  collection.  Natural  seeding  was  inadequate 

to  obtain  reliable  and  reproducible  data  with  the  LDV.  The 

o 

alignment  of  the  optics  at  a  laser  wavelength  of  s-880  A  was 
verified  by  procedures  outlined  by  TSI,  the  manufacturer.  The 
optical  laser  path  to  the  diffuser  flow  field  was  exactly 
positioned  through  the  slot  cut  out  of  the  plexiglass  dif¬ 
fuser  wall.  The  only  interference  to  the  laser  beams  were 
the  laser  windows.  These  provided  the  least  possible  inter¬ 
ference  due  to  their  quality  and  positioning.  The  addition 
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of  a  flow  seeder  in  early  1982  will  enable  the  collection  of 
reliable  and  accurate  data  by  the  LDV  system.  Mean  flow 
velocities  may  then  be  determined. 


The  comparison  of  velocity  data  for  the  hot  film 
sensor  and  the  pitot  tube  can  be  made  from  Table  VIII  and  Fig 
28.  The  velocity  data  showed  general  trends  of  the  performance 
of  the  diffuser.  The  inlet  velocity  profile  was  fairly  uniform 
(Figs  23-25).  The  turbulence  intensity  was  .10  (Table  VII). 
Upon  entering  the  diffusing  section,  the  velocity  began  to 
decrease  and  was  non-uniform  across  the  channel  height  (Figs 
23-25) .  Some  separation  was  indicated  in  the  diffusing  sec¬ 
tion.  The  flow  velocity  near  the  inside  wall  was  1/2  to  1/3 
that  of  the  rest  of  the  radial  velocity  profile  (Tables  V-VI) , 
The  diffusing  section  turbulence  intensity  was  also  about  . 10 
(Table  VII) .  The  diffuser  dump  data  showed  a  turbulent  region 
with  separation  (Tables  V-VII) .  The  flow  velocity  varied  by 
as  much  as  600%  in  the  radial  direction  in  the  dump  section. 

The  pitot  tubes  were  yielding  Ps/Pt  >1  (Tables  V-VI).  This 
indicated  reverse  flow.  The  turbulence  intensities  were  as 
great  as  .50  in  the  dump  section  (Table  VII). 

Static  pressure  was  increasing  between  the  inlet  and 
diffusing  sections.  The  total  pressure  was  remaining  approxi¬ 
mately  constant.  For  this  low  speed  flow  Bernoulli's  equation 
for  incompressible  flow  was  valid  and  could  be  used  to  deter- 
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mine  velocities.  In  the  dump  section  there  were  both  static 
and  total  pressure  drops.  For  an  ideal  one  dimensional  dif¬ 
fuser,  Cp^  can  be  expressed  as  (Ref  21) 


C 


PR 


(18) 


This  equation  yielded  an  approximation  of  CpR  for  the  diffus¬ 
ing  section  of  the  annular  diffuser  of 


CpR  =  -75  (19) 

Preliminary  testing  with  the  120  deg  diffuser  segment 
has  verified  that  the  instrumentation  systems  are  performing  as 
designed.  Therefore,  the  next  step  is  the  integration  of  the 
HP  9845/B  computer-controller  to  the  test  rig.  Digital  data 
lines  for  the  hot  wire  anemometer  and  the  pitot  tube  system  are 
in  place .  A  computer  interface  for  the  frequency  counter  in 
the  LDV  system  is  designed  and  near  completion. 

The  annular  diffuser  has  been  built  and  is  ready  for 
full  scale  evaluation.  The  120  deg  segment  of  the  diffuser, 
which  was  used  in  this  investigation  for  evaluation  of  instru¬ 
mentation  systems  and  their  adaptation  for  computer  analysis 
of  data,  has  some  flow  anomalies  which  must  be  corrected  be¬ 
fore  it  can  be  used  for  preliminary  evaluation  of  the  full- 
scale  diffuser  performance .  The  flow  traversing  mechanisms 
and  data  acquisition  and  processing  electronics  are  operating 
and  capable  of  furnishing  the  preliminary  data. 
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The  conclusions  drawn  from  this  investigation  are 


listed  in  the  next  section. 


VII  Conclusions 


The  following  conclusions  can  be  made  as  a  result  of 
the  design  and  preliminary  testing, 

1.  A  test  facility  with  associated  instrumenta¬ 
tion  has  been  designed,  fabricated,  and  installed. 

2.  The  final  integration  of  the  HP  9845/B 
computer-controller  to  the  diffuser  apparatus  and  instrumenta¬ 
tion  is  ready  to  begin, 

3.  The  total  traversing  system  proved  to  be  a 
stable  platform  that  led  to  accurate  positioning  of  the 
instrumentation  and  efficient  data  collection. 

4.  The  laser  doppler  velocimeter  system  data 
acquisition  depends  on  particulate  matter  in  the  flow.  The 
natural  seeding  was  not  adequate  for  useful  data  collection. 

A  flow  seeding  device  is  needed  to  effectively  collect  reli¬ 
able  LDV  data. 

5.  The  preliminary  experimental  results  may  be 
used  as  an  indication  of  instrumentation  suitability  and 
capability. 
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VIII  Recommendations 


The  following  recommendations  are  made  as  a  result  of 
the  present  investigation. 

1.  Install  plenum  chamber  and  construct  a  60  deg 
version  of  the  120  deg  inlet  cone. 

2 .  Obtain  a  flow  seeding  device  to  control  the 
size  and  density  of  particles  in  the  flow. 

o  o 

3.  Provide  4880  A  and  5145  A  color  filters  for 
the  photodetector  of  the  LDV  system.  This  will  improve  the 
signal  to  noise  ratio  . 

4.  Incorporate  frequency  shifting  into  the  LDV 
system  to  improve  the  signal  to  noise  ratio. 

5.  Obtain  screens  for  generating  turbulence  and 
insert  upstream  of  the  IGV's. 

6.  Expand  the  LDV  system  optics  to  two  channel 
operation  in  order  to  obtain  two  components  of  velocity  at  one 
time . 
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Figure  15.  Hof-  Film  Sensor  Calibration 


1  =  0 . 61  tran 

tn 

=  1.79  ym 

Figure  17,  Control  Volume  for  Laser 


Motorized 

Traversers 


Motorized 

Traversers 


Annular  Diffuser 
and  Table,  Inlet 
End  View 


40.75" 


Rollers 

and 

Tracks 


59 


3/16” 


* 

2" 


Figure  19.  Holder,  Laser  Window  and  Slot 


[Oscilloscope] 

To  Laser 

__L 

Laser 
Power 
Supply 


From  Photodetector 
Figure  2C .  LDV  System  Electronics 


* 


TSI  1990 
Frequency 
Counter 


A 


60 


Inlet  Sect 


Pressure  (ps 


Dif fusin 


1.25- 


6  r-4 

O 

US 

U-l 

to 

<U  W  /-V 

U  «  c 
C  r-4  -H 
ta 

U  T-t 

to  X 

•ft  <D 
P  r-t 
CL, 


Figure  21 


Pressure  ( 

Radial  p-^^ ^ ~ u re 
with  Pressure  T 


Pressure  (p 


Distance 


Distance  from  Distance  from  .  Distance  from 

Plexiglass  Wall  Plexiglass  Wall  Plexiglass  Wall 

(in)  (in)  (in) 


Distance  from  Distance  from  *  Distance  from 

Plexiglass  Wall  Plexiglass  Wall  Plexiglass  Wall 

(in)  (in)  (in) 


Inlet  Section 


Figure  26. 


Figure  27. 


66 


Distance  from 
Plexiglass  Wall 


1 


Inlet  Section 


Pitot  Tube  with  Pressure  Trans¬ 
ducers  X 


A 


Velocity  (ft/sec) 
Diffusing  Section 


Dump  Section 


Figure  28.  Hot  Film  Sensor  and  Pitot  Tube  Velocity  Data 


Tables 


Table  1 

Geometrical  Relationships  for  Flat,  Conical 
and  Annular  Diffusers 


Flat 

Conical 

Annular 

29 

29 

29 

L/Wx 

L/Rt 

L/(R1+B1) 

Table  II 

Design  of  the  Annular  Diffuser:  Inlet  Conditions 


Ta  =  538°R 

Minlet  Tt<°R>  Pt<Psi> 


.2 

542 

14.64 

.3 

548 

15.16 

.4 

555 

15.90 

.5 

565 

16.89 

.6 

577 

18.16 

Pa  = 

(ft/sec) 

14.24  psi 

V  (ft/sec) 

m(lbtn 

sec 

1143 

229 

6.75 

1147 

344 

10.1 

1155 

462 

13.5 

1165 

583 

16.8 

1180 

708 

20.2 
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Table  III 


Design 

of  the  Diffusing 

Section:  Exit  Velocities 

M.  ,  _ 
inlet 

V 

(f t/sec) 

.2 

114 

.3 

171 

.4 

228 

.5 

284 

.6 

341 

Table 

IV 

Design 

of  the  Diffuser 

Dump : 

Flow  Velocities 

^inlet 

V_ 

(f t/sec) 

? 

50.7 

.3 

75.8 

.4 

101 

.5 

126 

.6 

152 
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Table  V 


Pitot  Tube  with  Pressure  Transducers  -  Data 


Pa  =  14.39 

psi 

Ta  =  536°R 

Tt 

=  534°R 

Location 

(Inches 

shell) 

from  inner 

surface 

of  outer  plexiglass 

Inlet 

Section 

Ps(psi) 

Pt  (psi) 

M 

a(ft/sec) 

V(ft/sec) 

.25 

14.42 

14.50 

.088 

1132 

100 

.50 

14.42 

14.51 

.093 

1132 

105 

.75 

14.42 

14.51 

.093 

1132 

105 

.875 

14.42 

14.49 

.082 

1132 

93 

Diffusing 

Section 

.25 

14.43 

14.50 

.086 

1132 

97.4 

.50 

14.43 

14.51 

.089 

1132 

101 

.75 

14.43 

14.50 

.084 

1132 

95.1 

1.00 

14.43 

14.58 

.065 

1132 

73.6 

1.25 

14.44 

14.45 

.027 

1132 

30.6 

Dump 

Section 

.50 

14.41 

14.37 

- 

1132 

- 

1.50 

14.40 

14.47 

.080 

1132 

90.6 

2.50 

14.40 

14.42 

.035 

1132 

39.6 

3.50 

14.40 

14.38 

- 

1132 

- 

4.00 

14.40 

14.33 

- 

1132 

- 
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Table  VI 


Pitot  Tube 

with  Water  Manometer 

-  Data 

Pa  = 

14.39 

psi 

Ta  =  536 

°R 

Tt 

=  534°R 

Location 

(Inches 

shell) 

from  inner  surface  of 

outer  plexiglass 

Inlet 

Section 

Ps(psi) 

Pt  (psi) 

M  a 

(ft/sec) 

V(ft/sec) 

.25 

14.43 

14.55 

.107 

1132 

121 

.50 

14.43 

14.55 

.107 

1132 

121 

.75 

14.43 

14.54 

.105 

1132 

119 

.875 

14.43 

14.53 

.099 

1132 

112 

Diffusing 

Section 


.25 

14.44 

14.53 

.094 

1132 

106 

.50 

IV.  44 

14.54 

.099 

1132 

112 

.75 

14.44 

14.53 

.095 

1132 

107 

1.00 

14.45 

14.51 

.076 

1132 

86 

1.25 

14.45 

14.47 

.036 

1132 

40.8 

Dump 

Section 

.50 

14.41 

14.36 

- 

1132 

- 

1.50 

14.41 

14.48 

.085 

1132 

96.2 

2.50 

14.41 

14.43 

.045 

1132 

51.0 

3.50 

14.41 

14.36 

- 

1132 

- 

4.00 

14.41 

14.36 

1132 
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Table  VII 


Hot  Film  Sensor  Data 


Pa  -  14.39  psi  Ta  =  536°R  T  =  538°R 


Location 

(Inches  from  inner 
shell) 

surface  of  outer 

plexiglass 

Inlet 

Steady  State 

Turbulent 

Turbulence 

Section 

V  (ft/sec) 

V  (ft/sec) 

Intensity 

.25 

135 

15 

.11 

.50 

153 

15 

.098 

.75 

153 

15 

.098 

.875 

119 

14 

.12 

Diffusing 

Section 

.25 

119 

15 

.13 

.50 

135 

14 

.10 

.75 

135 

14 

.10 

1.00 

119 

14 

.098 

1.25 

104 

14 

.13 

Dump 

Section 

.50 

33.9 

17 

.50 

1.50 

104 

25 

.24 

2.50 

57.0 

28 

.49 

3.50 

16.2 

6 

.38 

4.00 

16.2 

6 

.38 
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Table  VIII 


Pitot  Tube 

and  Hot  Film  Data 

at  the  Same  Flow 

Conditions 

Location 

(Inches  from  inner 

surface  of  outer 

plexiglass 

shell) 

Pitot  Tube  with 

Pitot  Tube  with 

Hot  Film 

Pitot  Pressure  Transducers 

Water  Manometer 

Sensor 

Section 

V  (ft/sec) 

V  (ft/sec) 

V  (ft/sec) 

.25 

100 

121 

135 

.50 

105 

121 

153 

.75 

105 

119 

153 

.875 

93 

112 

119 

Diffusing 

Section 

.25 

97.4 

106 

119 

.50 

101 

112 

135 

.75 

95.1 

107 

135 

1. 00 

73.6 

86.0 

119 

1.25 

30.6 

40.8 

104 

Dump 

Section 

.50 

- 

- 

33.9 

1.50 

90.6 

96.2 

104 

2.50 

39.6 

51.0 

57 

3.50 

- 

- 

16.2 

4.00 

- 

- 

16.2 
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Table  IX 


Pressure  Transducer  Calibration  Data 
Bell  &  Howell  +  2psid  S.N.  L16Q401  +10V  Excitation 


psi 

in  of  water 

0 

0 

.1806 

5 

.3613 

10 

.5419 

15 

.7225 

20 

.9032 

25 

1.084 

30 

1,265 

35 

1.445 

40 

1.626 

45 

1.806 

50 

1,987 

55 

.0266 

.0293 
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Table  X 


Pressure  Transducer  Calibration  Data 
Bell  &  Howell  +  2psid  S.N,  L160407  +10V  Excitation 


£si 

in  of  water 

voltage 

0 

0 

-.0001 

.1806 

5 

.0023 

.3613 

10 

.0051 

.5419 

15 

.0075 

.7225 

20 

.0101 

.9032 

25 

.0126 

1.084 

30 

.0152 

1.265 

35 

.0177 

1.445 

40 

.0203 

1.626 

45 

.0228 

1,806 

50 

.0254 

1.987 

55 

.0280 
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Appendix  C 

Hot  Film  Turbulent  Velocity  Calculations 

The  method  used  to  find  the  turbulent  component  of 
the  velocity  from  hot  film  data  is  found  in  the  Ph.D.  Disserta¬ 
tion  "Turbulence  and  the  Mixing  of  Binary  Gas"  by  S.  Zakanycz. 
This  was  performed  at  the  Ohio  State  University  in  1971. 

Begin  with  the  fourth  degree  polynomial  used  to 
determine  steady  state  velocities. 

Velocity  =  A  +  B  (Volts)  +  C  (Volts)2  +  D  (Volts)3 
+  E  (Volts)4 

Differentiate  the  above  equation. 

d  (Velocity)  =  B  +  2C  (Volts)  +  3D  (Volts)2  + 

4E  (Volts)3 

Now  enter  the  DC  component  of  the  measured  voltage 
into  this  equation.  The  resulting  d  (Velocity)  value  is  then 
multiplied  by  the  AC  component  of  the  measured  voltage.  This 
number  is  the  fluctuating  component  of  the  velocity. 
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Aerodynamic  parametric  data  of  annular  diffuser  flow  field  for  gas  turbine 
engines  are  not  available  in  sufficient  detail.  They  are  badly  needed  for 
future  high  efficiency  engine  design, 

A  subsonic,  axisymmetric,  annular  diffuser  model  was  designed  for  the  purpose 
of  making  such  highly  detailed  information  available,  The  objective  of  the 
design  was  to  approximate  an  actual  gas  turbine  engine  diffuser.  The  diffuser 
was  built  according  to  these  design  specifications. 
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jThe  instrumentation  required  to  gather  the  necessary  pressure,  velocity, 
and  turbulence  parameters  consisted  of  three  pitot  tube  systems,  a  hot  wire 
anemometer  system  and  a  laser  doppler  velocimeter  (LDV)  system  using  frequency 
counting.  These  three  instrumentation  systems  were  integrated  into  the  dif¬ 
fuser  to  obtain  data  at  each  of  three  points  along  the  longitudinal  axis.  At 
each  point  there  were  five  stations  along  the  annulus  that  were  instrumented. 

A  longitudinal  traversing  structure  utilizing  motorized  traversers  for  radial 
positioning  and  the  capability  to  integrate  absolute  encoders  was  used  to 
access  the  flow  area. 

The  three  instrumentation  systems  have  the  capability  to  be  integrated  into  a 
Hewlett  Packard  9845/B  computer-controller  for  data  acquisition  and  processing 
The  experimental  apparatus,  data  acquisition  and  processing,  and  flow  travers¬ 
ing  were  integrated  and  functional,  as  demonstrated  by  the  preliminary  d^ta. 
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